Two bisabolene sesquiterpenes (1 and 2), two nor-sesquiterpene ketones (3 and 4) and one humulene epoxide (6) were identified from the Taiwanese liverwort Bazzania tridens. Among them, 3 was novel, and 2, 4 and 6 were reported for the first time from a natural source. Their structures were mainly elucidated by analysis of various NMR spectra.
Liverworts are rich sources of terpenoids, in particular sesquiterpenes and diterpenes [1] . Bazzania tridens (Reinw. et al.)Trev. (Lepidoziaceae) grows widely in Taiwan, in mountains from elevations of ca. 500 m up to 2500 m. In previous investigations of this species, collected at various localities in Taiwan, many new terpenoids have been identified [2] [3] [4] . In the present report, two aromatic bisabolenetype sesquiterpenes (1, 2), two nor-sesquiterpene ketones (3, 4) , and one humulene oxide (6) were isolated from B. tridens collected from scenic areas of Taiwan.
Chromatographic separation on a SiO 2 column of the hydrodistilled oil of the fresh plant material collected at Chitou afforded an unknown sesquiterpene hydrocarbon 1 (C 15 H 22 ), as evidenced by the GC-MS data ([M] + 202, base peak m/z 132). Signals for an exomethylene group were apparent in the proton (δ H 4.98, 1H, d, J = 1.5 Hz and 5.21, 1H, d, J = 1.5 Hz) and carbon (δ C 111.4, CH 2 and 148.7, C) spectra. In addition, three methyl groups at δ H 0.83 (6H, d, J = 6.5 Hz) and 2.32 (3H, s), corresponding to carbon signals at δ C 22.6 (CH 3 ), 22.7 (CH 3 ) and 21.2 (CH 3 ), as well as one p-substituted phenyl ring with 4 aromatic protons at δ H 7.11 (2H, d, J = 7.5 Hz) and 7.28 (2H, d, J = 7.5 Hz) were identified. The subsequent HMBC correlations established structure 1 with an aromatic bisabolene skeleton. The base peak at m/z 132 in the mass spectrum was obviously formed through a McLafferty cleavage of the γ-proton from the terminal double bond. A search of the literature showed that compound 1 has been reported recently as 1,3,5,7(14)-bisabolatetraene from a German liverwort [5] . [6] . The proton chemical shifts of four methyl groups and those on the phenyl ring of the isolated alcohol 2 were consistent with the literature data. However, the stereochemistry of the hydroxyl group remains to be determined. Compound 2 was thus named 1,3,5-bisabolatrien-7-ol. Compound 3 was isolated from the same hydrodistilled oil after column chromatography (2-3% EtOAc/n-hexane) and preparative TLC (EtOAcn-hexane, 3:17, Rf = 0.62). The GC-MS data showed a molecular ion of [M] + 204 and a base peak at m/z 119. Again, the 1 H and 13 C NMR spectra of 3 (Tables 1 and 2) indicated the close structural relationship with both compounds 1 and 2. The obvious differences were the presence of only three methyl groups and the lack of an exomethylene group. In 13 C NMR spectrum, a chemical shift of a conjugated ketone at δ C 200.3 (C) was observed. Thus structure 3, a new 14-norsesquiterpene ketone, was deduced with support from both HMBC and major mass fragmentation data (m/z 119, 134, Scheme 1). Compound 3 has not been reported in the literature and was given the name 14-nor-1,3,5-bisabolatrien-7-one. From B. tridens collected at a different location (Taiping Shan), we isolated [7] another norsesquiterpenoid in the 10% EtOAc/n-hexane fraction after column chromatography of the n-hexane extract on silica. The 13 C NMR spectrum (Table 2) revealed only 14 carbons. Combining data from 1 H NMR, HSQC and HMBC, it was clear that compound 4 possessed a cuprenene skeleton, with a keto-group at C-4 replacing the exomethylene group of δ-cuprenene (5) . Indeed, δ-cuprenene is a very common constituent of liverworts [8] , and was also observed in the present species. The relative stereochemistry and some of the proton assignments of compound 4 were established by NOESY correlations, as shown in Figure 1 . Major mass fragmentations of 4 (m/z 111, 96 and 69) could be justified as shown in Scheme 2. Compound 4 was once reported as a diastereomeric mixture in the total synthesis of cuprenenol [9] . 13 C NMR spectroscopic data of compound 4 were consistent with those listed for one set of the synthetic diastereomeric pairs [9] . The name of 15-nor-δ-cupren-4-one was given to this compound. (6) was isolated from the 35% EtOAc/ n-hexane eluate of the n-hexane extract on a silica column. Both 1 H and 13 C NMR spectra, as well as HSQC data disclosed that compound 6 was a sesquiterpene oxide (δ C 57.6, CH, 61.0, C, δ H , 2.63, 1H, dd, J = 11.5, 4 Hz) with two acetyl groups ( Table 3 ). The following HMBC correlations were very helpful in directing all connections to a humulene skeleton for structure 6, which, upon a literature search, had been reported as a derivative during the structural proof of juniferin (7a), juniferinin (7b) [10] , and chatferin (8) [11] Thus axial configurations of these protons were the only explanation. As to the axial or pseudo-axial stereochemistry of the two acetyl groups at C-1 and C-4, correlations such as δ H 5.45/0.93 (H-1/H-13e), 0.85/1.62 (H-12a/H-9), 5.75/1.65 (H-4e/H-5a), and 5.75/1.47 (H-4e/H-14a) were informative. The last one seemed again unusual, but was strong in the spectrum. Compound 6 was named as 1β, 4βdiacetoxyhumulen-trans-6,7-epoxide [7] . In previous studies of B. tridens, sesquiterpenoids such as tridensenone (9) [3] , tridensone (10) [2c, 2d], cyclocolorenone (11) [2c], and aristol-9-en-12-al (12) [2c] type were often identified as major skeletons of the compounds in the plant oils [4] . In the plant extract from Chitou, compounds 10, 11, and 1,3,5−bisabolatrien-7-ol (2) were indeed rich in the oil.
However, in the Taiping Shan extract, sesquiterpenoids 6, 9, and eudesm-4(15)-en-6βacetoxy-7β-ol (13) were the major constituents. The last compound (13) had been previously isolated from B. tridens collected from the same area.
[2f] Either nor-sesquiterpenes or sesquiterpenoids of bisabolane-/aromatic bisabolene-type or humulene- type are all rarely observed in the liverwort species B. tridens.
Experimental
General: NMR spectra were measured, in CDCl 3 , on a Bruker DMX-500 machine. GC-MS was carried out using a HP-5890 gas chromatograph coupled with a VG Trio 2000 mass spectrometer. All GC-MS(EI) spectra were taken at 70 eV. A DBWAX, 30 m x 0.25 mm (i.d.), fused silica capillary column was used for GC-MS. The column temperature was programmed from 50º to 220ºC at 5º /min. IR spectra were measured on a Shimadzu IR 470 spectrophotometer in CHCl 3 on KBr pellets after the solvent was evaporated. UV was recorded in MeOH on a Shimadzu UV-160 spectrophotometer and optical rotation was measured in CHCl 3 on a Jasco DIP-360 Polarimeter.
Plant materials: Bazzania tridens (Reinw. et al.
Trev.) (CT-0011-26) was collected at Chitou (1200 m), Nantou Hsien, Taiwan, in November 2000. Cleaned fresh plant material (43 g) was first homogenised in water with a blender and submitted to hydrodistillation for 2.5 h to yield the essential oil (400 mg) in n-hexane.
The residue from hydrodistillation was then extracted with EtOAc to furnish the crude oil (1 g). Plant materials (220 g) collected at Taiping Shan (Ilan Hsien, Taiwan, 2000 m, collected in August 1996, TP-9608-66) were first crushed with liquid N 2 , and then extracted with n-hexane to afford 1.6 g of crude oil. Both specimens were identified by Dr K. Yamada (Ise-shi, Japan) and the voucher specimens were deposited at the Department of Chemistry, Tamkang University.
Isolation: Either the hydrodisdilled oil or the extracted oil was chromatographed first on silica gel and eluted with n-hexane and EtOAc in gradient. If necessary, the eluates were further separated either by PTLC or on 10% AgNO 3 -impregnated PTLC plates to afford the purified components. 
